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ABSTRACT 

. 
This  r e p o r t  d e s c r i b e s  t h e  completed appara tus  f o r  de te rmining  oxygen 

i n  potassium by t h e  BrF, method. The potassium e x t r u d e r ,  t h e  a l l  

monel BrF3 handl ing  appa ra tus ,  and the  oxygen measuring dev ice  a r e  

desc r ibed  and p i c t u r e d .  

C a l i b r a t i o n  of t h e  ex t rude r  was done under a vacuum of 4 x 10- t o r r  

and t h e  weight of potassium extruded can be determined wi th  less than 

a 1% e r r o r  i n  t h e  range between 0 .25  and 1 . 0  grams. 

The  c a l i b r a t i o n  of the  B r a d y  apparatus has shown t h a t  less than one 

part per  m i l l i o n  of oxygen i n  a h e l i u m  stream can be detected and 

measured. 



BROMINE TRIFLUORIDE HIETHOD FOR OXYGEN I N  ALKALI MF,TALS 

INTRODUCTION 

The whole s y s t e m  now has been completely cons t ruc ted  and assembled. The 

Brady oxygen measuring system has been c a l i b r a t e d .  The ex t rude r  t u r n  ve r sus  

sample weight c a l i b r a t i o n  has been completed. The vacuum requirements  of t h e  

e x t r u d e r  have been m e t .  

EXPERIMENTAL 

I C a l i b r a t i o n  of Oxygen Measuring System 

The Brady appara tus  ( s e e  F igure  1 0 ,  F i r s t  Q u a r t e r l y  Repor t ,  A p r i l  2 0 ,  1964) 

was Ca l ib ra t ed  by t h e  coulometr ic  generat ion of known amounts of oxygen i n  a 

s p e c i a l l y  designed e l e c t r o l y t i c  cell. The c e l l  was a t t ached  t o  t h e  carr ier  

gas  i n l e t  on t h e  appa ra tus .  A known cons tan t  cu r ren t  pass ing  through t h e  ce l l  

( c o n t a i n i n g  10% s u l f u r i c  ac id )  f o r  a given per iod of t i m e  y i e l d s  a d e f i n i t e  

amount of oxygen. This  amount, i n  accordance wi th  Faraday ' s  law,  may be expressed 

by t h e  equat ion:  

Micrograms Oxygen = .OS287 I .  t 

where I i s  expressed i n  mill iamperes and t i n  seconds 

I n  o r d e r  t o  achieve p r e c i s e  r e s u l t s ,  s p e c i a l  techniques (prev ious ly  no t  r epor t ed )  

had t o  be developed i n  o rde r  t o  e l imina te  e r r o r s  a r i s i n g  from: 

1. Atmospheric oxygen d i s so lved  in  t h e  e l e c t r o l y t e  

2 .  Incomplete recovery of generated oxygen from t h e  e l e c t r o l y t e .  

3 .  I n a b i l i t y  t o  recover  oxygen which c lung  t o  t h e  anode i n  the  form of 

bubbles .  

4 .  E r r o r s  due  t o  f a u l t y  c u r r e n t  r egu la t ion  r e s u l t i n g  from p o l a r i z a t i o n  
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I n i t i a l l y ,  e r r a t i c  r e s u l t s  were obtained due t o  d i s so lved  atmospheric  oxygen 

introduced i n t o  t h e  e l e c t r o l y t e  when t he  l i q u i d  l e v e l  was lowered t o  f ree  

bubbles of oxygen tending  t o  s t i c k  t o  t h e  plat inum w i r e  anode. A l so ,  t h e  

recovery of oxygen from t h e  ce l l  was very  slow s i n c e  i t  could only  be removed 

by helium pass ing  over  t h e  t o p  of the s o l u t i o n .  These d i f f i c u l t i e s  were over-  

come,as shown i n  F igure  1, by modifying t h e  prev ious  e l e c t r o l y s i s  c e l l  (F igure  8 ,  

F i r s t  Q u a r t e r l y  Repor t ) .  A f i n e  f r i t t e d  g l a s s  tube  was sea l ed  i n t o  t h e  c e l l  i n  

such a way t h a t  p u r i f i e d  helium (from t h e  N a K  and T i  p re - t r a in )  could be bubbled 

d i r e c t l y  through the  e l e c t r o l y t e .  The tube was pos i t ioned  so  t h a t  bubbles of 

helium r i s i n g  from i t  would sweep over t h e  anode, t hus  removing oxygen bubbles 

which may c l i n g  t o  t h e  anode. Hoke #482 bellows va lves  were pos i t i oned  so t h a t  

t h e  r a t i o  of helium pass ing  through and over t h e  e l e c t r o l y t e  could be c o n t r o l l e d .  

By means of t h i s  arrangement,  i t  became unnecessary t o  change t h e  e l e c t r o l y t e  

l e v e l  o r  expose i t  t o  t h e  atmosphere. The removal of d i s so lved  oxygen w a s  a l s o  

a c c e l e r a t e d  and amounts of e l e c t r o l y t i c a l l y  generated oxygen i n  excess  of 

180 micrograms could be recovered completely i n  about 45 minutes us ing  a flow 

r a t e  of about  100 cc/minute.  

The problem of c u r r e n t  r e g u l a t i o n  was so lved  by  a s p e c i a l  c i r c u i t  used i n  con- 

j u n c t i o n  w i t h  a s tandard  power supply.  A schematic  of t h i s  c i r c u i t  i s  shown i n  

F i g u r e  2 .  By means of the  3000 ohm po ten t iome te r ,  the m i l l i a m m e t e r  may be 

preset  t o  a given c u r r e n t  l e v e l .  The rea f t e r ,  whenever t h e  c i r c u i t  is c l o s e d ,  

a precise c u r r e n t  f low can be maintained r e g a r d l e s s  of t h e  degree of p o l a r i -  

z a t i o n  i n  the  e l e c t r o l y s i s  ce l l .  Current measurements w e r e  made w i t h  a Simpson 

Model 37 milliammeter reading  from 0-10 m i l l i a m p e r e s .  The meter was c a l i b r a t e d  

by measuring the  p o t e n t i a l  d rop  across  a s t anda rd  one ohm r e s i s t a n c e  placed i n  

series w i t h  i t .  A p r e c i s i o n  L & N potent iometer  w a s  used t o  make the  measurements. 

A 1 . 5  v o l t  d r y  c e l l  i n  series w i t h  a 10  K t e n  t u r n  potent iometer  w a s  used t o  

supp ly  c u r r e n t  f o r  c a l i b r a t i o n  purposes.  The r e s u l t i n g  c a l i b r a t i o n  curve is 

shown i n  F igu re  3. While t h e  manufacturer claims an accuracy of 2% of f u l l  

s c a l e  f o r  t h i s  meter, it can be seen from the  c a l i b r a t i o n  curve t h a t  i n  t h i s  

case an e r r o r  of 2 .5% w a s  observed a t  t h e  t e n  mil l iampere r ead ing .  
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FIGURE 1 ELECTROLYSIS CELL 

FOR BRADY APPARATUS 

Three-way Stopcock 

/ Hoke 482 B e l l o w s  q a l v e s  

P u r i f i e d  
He1 ium Apparatus 

6 F r i t  

To l e v e l i n g  bulb 
Containing &SO4 (10%) 
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FIGURE 2 CURRENT REGULATING CIRCUIT FOR ELECTROLYSIS CELL 

ON BRADY APPARATUS 

Ammeter 
0-10 m 

560 o h m s  

10 V . D . C .  f r o m  Model D - 1 0 0 B  
D r e s s e n  B a r n e s  R e g u l a t e d  
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The a c t u a l  oxygen c a l i b r a t i o n  va lues  obtained are l i s ted  i n  Table I and d isp layed  

g r a p h i c a l l y  i n  F igu re  4 .  For purposes of c l a r i t y ,  va lues  obta ined  i n  t h e  range 

0-90 micrograms of oxygen are also p lo t t ed  on a l a r g e r  s c a l e  i n  F igure  5. 

A s  can be seen  from Table I ,  most of t h e  c a l i b r a t i o n  p o i n t s  were obta ined  wi th  

a gene ra t ing  c u r r e n t  of 6 .10 ma. A t  t h i s  c u r r e n t  l e v e l ,  oxygen is being generated 

a t  a ra te  of about 0 .5  micrograms per second. In  o r d e r  t o  be c e r t a i n  t h a t  none 

of t h e  oxygen was pass ing  through the sodium anthraquinone-p-sulf  ona te  s o l u t i o n  

wi thout  r e a c t i n g ,  a number of t e s t s  were conducted us ing  a 2.00 ma gene ra t ing  

c u r r e n t .  S ince  both c a l i b r a t i o n s  r e s u l t e d  i n  t h e  same curve ,  t h i s  was regarded 

as proof t h a t  a l l  t h e  oxygen was recovered.  A l l  of t h e  va lues  l i s t e d  were 

ob ta ined  us ing  a f low ra te  of about 108 cc/minute. Seve ra l  va lues  were a l s o  

ob ta ined  us ing  a flow ra te  of about 203 cc/minute a t  t h e  6.10 m a  c u r r e n t  l e v e l .  

A t  25 micrograms of oxygen, t h e  same absorbance va lue  was ob ta ined ;  however, a t  

t h e  100 microgram l e v e l ,  t he  r e s u l t s  ob ta ined  were about  6 micrograms low, whi le  

a t  160 micrograms, t h e  r e s u l t  was about 10 micrograms too  low. In  t h e  course  of 

an a c t u a l  a n a l y s i s ,  however, i t  might be p o s s i b l e  t o  use  h igher  flow rates s i n c e  

t h e  oxygen recovered from t h e  sample would be contained i n  a much larger volume, 

t h u s ,  undergoing cons iderable  d i l u t i o n  w i t h  helium. Should i t  prove necessary 

t o  run  a t  h igher  f low r a t e s ,  t h e  completeness of recovery could be checked wi th  

s y n t h e t i c  samples. S ince  f low r a t e s  below about 100 cc/minute were no t  cons idered  

p rac t i ca l ,  no de te rmina t ions  w e r e  made a t  lower f low rates  

The  s t e p w i s e  procedure employed i n  the c a l i b r a t i o n  of t he  Brady appara tus  w a s  

as fo l lows :  

The  l e v e l  of the  10% %SO4 i n  the e l e c t r o l y t i c  c e l l  w a s  raised so t h a t  t h e  two 

e l e c t r o d e s  were j u s t  covered. By means of t h e  Hoke #482 bellows v a l v e s ,  t he  

he l ium f low w a s  r egu la t ed  so t h a t  a s t eady  stream of helium bubbles  flowed 

through t h e  e l e c t r o l y t e  w h i l e ,  a t  t h e  same t i m e ,  some h e l i u m  flowed ac ross  t he  



TABLE I 

CALIBRATION DATA - BRADY APPARATUS 

M i c r o g r a m s  
Oxygen 

5.06 

10.1 

14.9 

20.2 

25.0 

35.4 

40.1 

50.6 

60.6 

70.4 

80.9 

90.0 

101 1 

121.2 

130.0 

141.6 

150.0 

161.9 

180.0 

182.0 

187.0 

Absorb ance 

G e n e r a t i n g  
C u r r e n t  

(ma) 

.984 

,962 

.940 

,915 

e 892 

851 

.830 

,790 

.742 

.708 

.650 

.621 

.574 

.500 

.465 

.420 

.388 

.347 

.283 

.274 

258 

6.10 

6.10 

2.00 

6.10 

2 .oo 
6.10 

2.00 

6.10 

6.10 

2.00 

6.10 

2 .oo 
6.10 

6.10 

2.00 

6.10 

2.00 

6.10 

2.00 

6.10 

6.10 
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t o p  of t he  ce l l  (see Figure  1). The three-way s topcock was s e t  i n  a p o s i t i o n  

so t h a t  a l l  p a r t s  were in te rconnec ted .  The t o t a l  f low through t h e  Brady 

appara tus  may be f i n e l y  ad jus ted  by means of t h e  needle  va lve  i n  t h e  Matheson 

No. 602 flowmeter i n s e r t e d  between the e x i t  end of t h e  Brady appara tus  and 

t h e  w e t  test meter. By s u i t a b l e  manipulation of t h e  va lves  a s t eady  f low can 

b e  ob ta ined .  The f low read ing  on the R-2-15-D f low tube was he ld  a t  70 mm 

(108 cc/minute).  

While t h e  flow was being r e g u l a t e d ,  t h e  s o l u t i o n  i n  t h e  Brady appara tus  was 

c i r c u l a t e d  through t h e  z i n c  amalgam reducing  column. The Perkin-Elmer Spec t ro-  

photometer and t h e  Varicord Model 43 c h a r t  r eco rde r  were turned on and t h e  

absorbance monitored. With t h e  slit set  a t  about 0.12 mm, t h e  absorbance reached 

a maximum absorbance va lue  of about 1.000 o r  s l i g h t l y  less. 

A f t e r  t h e  absorbance has reached i ts  maximum va lue  and t h e  gas flow has a t t a i n e d  

a s t e a d y  s t a t e ,  t h e  Tef lon  stopcocks of t h e  Brady appara tus  a r e  ad jus t ed  so as t o  

by-pass t h e  reducing column. By s u i t a b l e  manipulat ion of t h e s e  s topcocks ,  t h e  

l e v e l  of s o l u t i o n  i n  t h e  gas  separa tor  can be  ad jus ted  t o  t h e  r e f e r e n c e  mark. 

I t  is important  t h a t  t h i s  be done with t h e  f low regu la t ed  e x a c t l y  a t  70 mm on 

t h e  flowmeter so as t o  o b t a i n  the same q u a n t i t y  of reagent  s o l u t i o n  each t i m e .  

Once t h e  l e v e l  has  been set  and the s topcocks c l o s e d ,  changes i n  t h e  f low r a t e  

do  no t  a f f e c t  t h e  q u a n t i t y  of s o l u t i o n  i n  t h e  a n a l y t i c a l  s e c t i o n ,  even though 

t h e  l e v e l  of t he  s o l u t i o n  i n  t h e  gas s e p a r a t o r  w i l l  change due t o  d i f f e r e n c e s  i n  

h y d r o s t a t i c  p re s su re  

The  char t  r eco rde r  t r a c e  w a s  observed for a per iod of about t h i r t y  minutes .  During 

t h i s  t i m e ,  i f  t h e r e  a r e  no l e a k s  i n  t h e  system, t h e  absorbance should n o t  change 

n o t i c a b l y .  The decrease  i n  absorbance du r ing  a 45 minute blank run seldom exceeded 

0 .001  absorbance u n i t .  A t  t h i s  l e v e l ,  t h e  blank i s  n e g l i g i b l e  s i n c e  one microgram 

of  oxygen produces an  absorbance change of about 0.005 units. 

- 10 - 



A f t e r  t h e  blank l e v e l  ( i f  any) has been determined,  t h e  absorbance r ead ing  on 

t h e  c h a r t  r eco rde r  was noted.  Then the  power supply t o  t h e  e l e c t r o l y s i s  c e l l  

was a c t u a t e d ,  n o t i n g  t h e  t i m e  i n t e r v a l  wi th  a s topwatch.  A f t e r  about 30 t o  45 

minutes  (depending on t h e  amount of  oxygen genera ted)  t h e  c h a r t  recorder  t r a c e  

w i l l  have l eve led  o f f  a t  some lower absorbance va lue .  The d i f f e r e n c e  i n  absor-  

bance,  cor rec ted  f o r  any b lank ,  is  subs t rac ted  from 1.000 and p l o t t e d  a g a i n s t  

t h e  micrograms of oxygen genera ted .  

The Hi t ach i  Perkin-Elmer Model 139 Spectrophotometer y i e l d s  i t s  b e s t  accuracy 

when t h e  concen t r a t ion  of t h e  sample i s  such t h a t  t h e  absorbance is  i n  t h e  range 

of 0,3 t o  0 . 7 .  For samples of h igh  absorbance,  a s e l e c t o r  swi t ch  is  provided 

w i t h  s e t t i n g s  of x JlO and x10. 

is obta ined  by adding 1 . 0 .  During all c a l i b r a t i o n  runs made a t  oxygen levels of 

less than 70 micrograms, t h e  s e l e c t o r  swi tch  was placed on x ,/lo thus g i v i n g  an 

i n i t i a l  absorbance r ead ing  of about 0.5. When us ing  t h e  Varicord Model 43 c h a r t  

r e c o r d e r  which has a l i n e a r  absorbance s c a l e  from 0 t o  1 .000 ,  i d e n t i c a l  va lues  

were obta ined  wi th  t h e  s e l e c t o r  switch a t  x l  (normal f u l l  scale s e t t i n g )  and x / lo.  

When set  on t h e  x ,/lo sca l e ,  t he  t r u e  absorbance 

Following a c a l i b r a t i o n  r u n ,  t h e  so lu t ion  i n  t h e  Brady appara tus  may be regenera ted  

by c i r c u l a t i n g  through t h e  reducing column p r i o r  t o  t h e  next  run .  A t  t h e  lower 

oxygen l e v e l s ,  s e v e r a l  runs  may be made before  t h e  s o l u t i o n  i s  r egene ra t ed .  For 

best accuracy,  however, t h e  absorbance should no t  be allowed t o  drop  below about 

0.3 d u r i n g  t h e  course  of a run .  

Because of t h e  e x c e l l e n t  s t a b i l i t y  of t h e  H i t a c h i  Perkin-Elmer spectrophotometer  

and Varicord c h a r t  r eco rde r  combination, t h e  absorbance i n  t h e  range of 0-1.000 

can  be  es t imated  t o  wi th in  0 002 absorbance u n i t s  with cons iderable  confidence 

Th i s  accuracy,  coupled wi th  t h e  f a c t  t h a t  t h e  sample c u v e t t e  is f i x e d  and t h a t  

on ly  d i f f e r e n c e s  i n  absorbance, r a t h e r  than  abso lu te  absorbance va lues  need be 

measured, i n d i c a t e  t h a t  t h e  r e l a t i v e  e r r o r  should be very smal l  by spectrophoto-  

metric s tandards--probably less than one pe rcen t .  
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I1 C a l i b r a t i o n  of Weight of Potassium Sample by Ext ruder  Turns 

I n  o r d e r  t o  c o r r e l a t e  t h e  number of ex t ruder  t u r n s  t o  t h e  weight of potassium 

ext ruded ,  t h e  fo l lowing  procedure was used: 

Samples of potassium (from NASA, Cleveland) were obta ined  i n  nominal 3/8" OD 

x 6-3/4" s t a i n l e s s  s tee l  tubes  having one f l a r e d  end. 

caps ,  a tube was placed i n  t h e  ex t ruder  i n  t h e  normal fash ion* .  With t h e  ex t rude r  

under h igh  vacuum ( 4  x 10% to r r ) ,  a s m a l l  number of t u r n s  w a s  f i r s t  made t o  

expose the  oxid ized  end. Th i s  exposed l e n g t h  then was c u t  o f f  wi th  one of t he  

two c u t t i n g  wires and d i sca rded  i n t o  t h e  waste pan. Seve ra l  potassium samples 

were then  ex t ruded ,  c u t  o f f ,  and held by t h e  o t h e r  c u t t i n g  w i r e .  The sizes of 

t h e  potassium samples corresponded to  randomly chosen ex t rude r  t u r n s  i n  t h e  range 

of 5 t o  20 t u r n s .  The b a l l  v a l v e ,  connect ing t h e  e x t r u d e r  and t h e  r e a c t i o n  c e l l  

(which had been evacuated previously by m e a n s  of t h e  rough vacuum system) was opened 

and t h e  c u t t i n g  wire heated (us ing  the  1 . 5  V b a t t e r y ) ,  caus ing  t h e  sample t o  drop  

i n t o  a 150 m l  g l a s s  beaker contained w i t h i n  t h e  r e a c t i o n  c e l l .  The b a l l  va lve  w a s  

then  c losed  and t h e  r e a c t i o n  ce l l  brought t o  a tmospheric  p re s su re .  

A f t e r  removal of  t h e  end 

A f t e r  removai from t h e  ce l l ,  t h e  potassium was immediately t r a n s f e r r e d  t o  a t a r e d  

100 m l  p la t inum d i s h  and covered with hexane. The potassium was then c a r e f u l l y  

r e a c t e d  by dropwise a d d i t i o n s  of e thanol  t o  conver t  i t  t o  t h e  a lkoxide .  Any 

potassium adhering t o  t h e  g l a s s  beaker w a s  t r e a t e d  s i m i l a r l y  and then t r a n s -  

f e r r e d  q u a n t i t a t i v e l y  t o  the  platinum d i s h .  

A f t e r  completion of t h e  r e a c t i o n  with e t h a n o l ,  t h e  sample w a s  t r e a t e d  with an 

e x c e s s  of concent ra ted  hydrochlor ic  acid t o  conver t  a l l  of t h e  potassium t o  the  

c h l o r i d e .  The o rgan ic  s o l v e n t s  then were removed by evapora t ion ,  us ing  i n f r a r e d  

lamps. The plat inum d i s h e s  conta in ing  t h e  c h l o r i d e  w e r e  p laced i n  a d ry ing  oven 

a t  120°C f o r  a t  l eas t  one hour then t h e  d r i e d  samples w e r e  cooled t o  room t e m -  

p e r a t u r e  i n  a d e s i c c a t o r  and weighed as potassium c h l o r i d e .  Subsequent ly ,  t h e  

e q u i v a l e n t  amount of potassium w a s  c a l c u l a t e d .  The r e s u l t s  are shown i n  Table  11 

and F i g u r e  6 .  Inc luding  t h e  point  a t  17 t u r n s ,  one can expec t  a weight d e t e r -  

mina t ion  wi th  less than 2% e r r o r .  Excluding t h i s  p o i n t ,  t h e  e r r o r  is less than 

1%. 

*The NASA ex t rude r  as modified here w i l l  be descr ibed  more completely i n  t h e  next  
q u a r t e r l y  r e p o r t .  Severa l  add i t iona l  minor changes are be ing  made p r i o r  t o  com- 
p l e t i o n  of drawings e 
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TABLE I1 

DETERMINATION OF SAMPLE WEIGHT OF POTASSIUM BY EXTRUSION* 

Extruder Turns Wt. of Potassium (g) 

5 0.2543 

7 0.3692 

10 

12 

15 

17 

18 

19 

20 

0.5124 

0.6231 

0.7800 

0.9007 

0.9365 

0.9814 

1.0376 

*Obtained by converting K to KC1 and weighing. 
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I I I  Apparatus Cons t ruc t ion  

The complete assembly, exc lus ive  of t he  helium p u r i f i c a t i o n  t r a i n  and t h e  Brady 

oxygen measuring s e c t i o n ,  i s  shown i n  F igu re  7 .  The helium i n l e t  can be noted 

a t  the  t o p  l e f t  of t he  photograph. The helium p lus  oxygen o u t l e t  t o  t h e  Brady 

appara tus  is shown a t  t h e  t o p  r i g h t .  A l l  connect ions t h a t  see BrF3, o t h e r  than  

threaded j o i n t s  and welds ,  are made by monel Cajon connectors  with Tef lon  gaske t s .  

The j o i n t s  i n  copper l i n e s  where only helium passes  are a l l  s i l v e r  o r  s o f t  so lde red .  

F igu re  8 shows t h e  bromine t r i f  l uo r ide  p u r i f i c a t i o n  and s t o r a g e  ce l l  whose con- 

s t r u c t i o n  is  shown i n  Drawing #4012286-181. The modified f l a n g e  (G) is from 

Drawing #4012093-784. A l l  tub ings  a re  jo ined  through Cajon f i t t i n g s  t o  a l l  monel 

Durco S l e e v e l i n e  vacuum plug  va lves  having Teflon gaske t ing .  

v a l v e s  are used through t h e  apparatus .  F igure  9 shows an expanded view of t h i s  

v a l v e .  A l l  threaded connect ions t o  t h e s e  a r e  made wi th  Tef lon  t a p e .  

These 1/4" screwed-end 

I n  F igu re  8 an inve r t ed  Matheson #4 cy l inde r  of bromine t r i f l u o r i d e  is  connected t o  

t h e  s t o r a g e  ce l l  f i r s t  through a Matheson #55A-670 monel need le  va lve  (A) with a 

1/4tt  SAE f l a r e  f i t t i n g  and then through a Durco va lve  (B). 
v a l v e  (C) t o  t h e  rough t r a p  (J). An e x i t  v a l v e  on (J) is  connected through a 

j a c k e t e d  l i q u i d  nitrogen g l a s s  t r a p  t o  a rough vacuum pump by rubber  covered 

Te f lon  tub ing .  The rough t r a p  design i s  d e t a i l e d  i n  Drawing #4012286-171. 

L ines  (H) and ( I )  t o  t h e  rough t r a p  manifold connect t o  t h e  Kel-F t r a p  and t h e  

a d a p t e r  which are desc r ibed  la ter .  Valve (C) al lows t h e  removal of v o l a t i l e  

i m p u r i t i e s  from t h e  bromine t r i f l u o r i d e  by vacuum pumping. Valve (D) s e r v e s  

t h e  d u a l  purpose of a l lowing  pu r i f i ed  helium t o  be bubbled through t h e  BrF3 and 

o u t  through va lve  (C) for p u r i f i c a t i o n  purposes ,  and a l s o  f o r  t r a n s f e r r i n g ,  by 

p r e s s u r e ,  l i q u i d  BrF3 through valve (E) t o  t h e  Kel-F t r a p ,  

A manifold connects  

A TEG-12 Conax Connector (F) with a r e f l o n  i n s e r t  and 1/8" n i c k e l  rod i s  mounted 

on the c e n t e r  of f l a n g e  (G). The he ight  of t h e  l i q u i d  BrF3 wi th in  t h e  ce l l  can 

be  a s c e r t a i n e d  by r a i s i n g  o r  lowering t h e  n i c k e l  rod u n t i l  e l e c t r i c a l  con tac t  is 

made. Conduct iv i ty  w i l l  be ascer ta ined  wi th  a s imple  Simpson meter, I n  p r a c t i c e ,  

t h e  n i c k e l  rod w i l l  be p r e s e t  t o  ind ica t e  a low volume of B r F 3 ,  which w i l l  s i g n a l  

t h e  n e c e s s i t y  f o r  r e f i l l i n g .  
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FIGURE 7 System for the  Analysis of Oxygen i n  Potassium (C 64062554) 
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FIGURE 8 Bromine Trif luoride Puri f icat ion and Storage Ce l l  (C 64062553) 
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FIGURE 9 Expanded V i e w  of A l l  Monel-Teflon Durco Vacuum Plug Valve (C 64070101) 

-20- 



9 a $8 
9 U  

a i ;  
D 

3 a  
s g  



The Kel-F t r a p  shown i n  F igure  10 is  used f o r  measuring known volumes of l i q u i d  

BrF3 as rece ived  from the  s t o r a g e  c e l l  (F igure  8) and for t r a n s f e r r i n g  i t  t o  the  

r e a c t i o n  c e l l .  Drawings #4012286-191, -192, and -193 d e t a i l  t h e  c o n s t r u c t i o n .  

The Kel-F t r a p  (B) may be evacuated through va lve  (C) connected t o  t h e  rough 

t r a p  manifold noted previous ly .  BrF, is admitted through va lve  (A) and may be 

fo rced  i n t o  t h e  r e a c t i o n  c e l l  through va lve  (E)  by admi t t i ng  p u r i f i e d  helium 

through va lve  (D). 

F igu re  10 shows va lve  (F), used for the  rough evacuat ion  of t h e  r e a c t i o n  c e l l .  

Connection (GI j o i n s  t h e  e x i t  end of t h e  l i q u i d  n i t r o g e n  g l a s s  t r a p  ( a f t e r  t h e  

rough t r a p )  t o  the  vacuum pump. A thermocouple vacuum gauge tube  a t  t h i s  con- 

n e c t i o n  ( G )  s e r v e s  the  purpose of determining whether a l l  v o l a t i l e  matter has  

been removed from t h e  l i n e s .  

F igu re  11 shows t h e  adap te r  (C) assembled t o  t h e  b a l l  va lve  ( G )  and r e a c t i o n  

c e l l  (D). A l s o  shown i s  t h e  lower po r t ion  of t h e  ex t rude r  (A)  and t h e  Veeco 

vacuum s y s t e m  which connects  t o  i t .  The vacuum s y s t e m  a l s o  connects  t o  t h e  

a d a p t e r  through va lve  ( F ) .  The double-pole double-throw swi t ch ing  arrangement 

(H) is f o r  h e a t i n g  e i t h e r  of t h e  two wire c u t t e r s  w i t h i n  t h e  e x t r u d e r .  The e x i t  

g a s e s ,  hel ium, oxygen, and some bromine t r i f l u o r i d e  pass  through va lve  (E)  toward 

t h e  t r a p p i n g  s y s t e m  and t h e  Brady apparatus .  Helium may be bubbled through or 

over  t h e  BrF, i n  t h e  c e l l .  The adapter  assembly c o n s t r u c t i o n  i s  d e t a i l e d  i n  

Drawing #4012286-182. 

F i g u r e  12 shows t h e  double  t r a p  s e c t i o n .  The c o n s t r u c t i o n  is shown i n  Drawing 

#4012286-180. The two t r a p s  (A)  are  connected t o g e t h e r  by a Durco va lve  (B) . 
The e x i t  end of t h e  t r a p  i s  connected through va lve  (C) and monel tub ing  t o  

copper  tub ing  wi th  s i l v e r  s o l d e r .  This  copper tub ing  goes d i r e c t l y  t o  the  

Brady appa ra tus .  The helium i n l e t  j o i n s  t h e  adapter  through a Cajon connec tor ,  

I n  t r a p s  ( A ) ,  pentane s l u s h  w i l l  be used t o  condense any bromine t r i f l u o r i d e  

vapor s  from t h e  helium and oxygen before  t h i s  stream reaches  t h e  Brady appa ra tus .  
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FIGURE 10 Kel-F Trap for Trans fer  of P u r i f i e d  Bromine T r i f l u o r i d e  (C 64062556) 
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FIGURE 11 Extruder, B a l l  Valve, Adapter and Reaction C e l l  Assembly ( c  64062552) 
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FIGURE 12 Double Trap Section for Bromine T r i f  luoride Removal (C 64062555) 
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WORK PLANNED FOR THIRD QUARTER 

c 

I I -  

1. Determinat ion of t h e  b lank  o r  leak  r a t e  wi th  bromine t r i f l u o r i d e  i n  

t h e  system is now underway. With t h e  o b j e c t i v e  be ing  a l e a k  r a t e  of 

less than 10 micrograms of oxygen per  hour ,  t h e  welding of s e v e r a l  

minute leaks was necessary .  

2 .  A t  least two d i f f e r e n t  potassium samples (two l e v e l s  of presumed oxygen 

con ten t )  w i l l  be obta ined  fromNASA, Cleveland and used f o r  t h e  bulk of 

t h e  work. Work w i l l  commence on determining:  a )  t h e  p r e c i s i o n  and 

s e n s i t i v i t y  of t h e  method; b) t he  e f f e c t  of sample s i z e  on t h e  accuracy 

and b i a s ;  and c) t h e  number of samples t h a t  may be run w i t h  a s p e c i f i c  

q u a n t i t y  of BrF, . 

3. The range of t h e  method, w i th  o r  wi thout  potassium carbonate  a d d i t i o n ,  

may require s p e c i a l  samples not now a v a i l a b l e .  

4 .  A method w i l l  be devised  f o r  the q u a n t i t a t i v e  i n t r o d u c t i o n  of GCO, 

samples i n t o  t h e  r e a c t i o n  cel l .  

c 
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